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Twenty-one lactic acid bacteria isolated from the intestinal tract of Drosophila simulans Stuvervant and nine from
Merlot noir grapes were identified as L. plantarum by PCR with species-specific primers and 16S rDNA sequen-
cing. The 30 isolates grouped into four clusters based on RAPD-PCR banding patterns, suggesting that they belong
to at least four genotypic groups. Thirteen isolates from grape must and five from the flies yielded identical RAPD-
PCR banding patterns and grouped into one cluster, suggesting that they are descendants from the same strain.
Concluded from these results, L. plantarum (or at least descendants from a specific strain) has the ability to use
vinegar flies as a host and vector to infect grape must. Further research is needed to determine the role of this spe-
cific strain in wine fermentations.
INTRODUCTION
Lactobacillus plantarum is one of the most widely distributed
lactic acid bacteria, probably due to its ability to adapt to various
niches. The species is commonly isolated from grape must (Davis
et al., 1985; Du Plessis et al., 2004) and is present in fairly high
cell numbers during the first few days of fermentation. Although
the cell numbers of L. plantarum usually decreases during sec-
ondary fermentation, some strains withstand the high SO2 and
ethanol concentrations and may cause spoilage of bottled wine
(Davis et al., 1985; Du Toit & Pretorius, 2000). A few strains of
L. plantarum with strong malolactic fermentation have been used
as starter cultures (Davis et al., 1985).
Drosophila is a common agricultural pest. The flies lay their eggs
on fruit, which nourishes the developing larvae (Demerec, 1950). A
number of yeasts have been isolated from the intestinal tract of
Drosophila (Mortimer and Polsinelli, 1999; Ganter, 2006).
Wolbachia, a rickettsia-like organism (Rousset et al., 1992) and
Vibrio cholerae (Park et al., 2005) have also been isolated from
Drosophila. However, little is known about the presence of lactic
acid bacteria in the gut of vinegar flies. Kvasnikov et al. (1971)
reported the presence of L. plantarum and enterococci in
Drosophila and suggested that they may contaminate fermentation
processes. The latter strains were identified based on physiological
and biochemical characteristics (Kvasnikov et al., 1971), including
sugar fermentation profiles that are often not reliable (Van Reenen
& Dicks, 1996; Kullen et al., 1998). In a recent study (Groenewald,
2005), L. plantarum (70%), Lactobacillus paracasei (3.3%),
Lactobacillus sanfranciscensis (6.7%), Leuconostoc mesenteroides
subsp. mesenteroides (3.3%), Lactococcus lactis subsp. lactis
(3.3%), Enterococcus faecalis (6.7%) and Pediococcus pen-
tosaceus (6.7%) have been isolated from vinegar flies.
The role of lactic acid bacteria in the insect gut is not known.
They may be involved in the detoxification of plant allelochemi-
cals such as flavonoids, tannins, and alkaloids (Dillon & Dillon,
2004), or prevent the colonisation of non-indigenous pathogenic
micro-organisms by competitive exclusion (Berg, 1996).
This study was conducted to confirm the presence of L. plan-
tarum in vinegar flies and to determine if the species can use the
insect as a vector.
MATERIALS AND METHODS
Collection of samples
Five kilograms of Merlot noir grapes collected from a vineyard in
Stellenbosch were crushed in sterile plastic bags and the must
removed aseptically. Vinegar flies were captured from the same
vineyard using specially designed traps. The flies were sterilised
with 2.5% (vol/vol) sodium hypochlorite and rinsed several times
with sterile distilled water. Water from the last washing was inoc-
ulated onto MRS agar (Biolab, Biolab Diagnostics, Midrand, SA)
to evaluate the efficiency of the washing process. The plates were
incubated at 30°C and examined for microbial growth after 48 h.
Approximately 100 flies were placed in a sterile 50 mL cen-
trifuge tube with 2 mL sterile peptone water and glass beads
(approximately 2 mm in diameter). The flies were homogenised for
3 min at 25°C on a vortex. The homogenate was serially diluted in
sterile distilled water and plated out, in triplicate, onto MRS agar
(Biolab), supplemented with 20% (vol/vol) apple juice and adjust-
ed to pH 5.5 with 1 N NaOH. The medium was supplemented with
100 µg/mL Delvocid (GistBrocades, Delft, Netherlands) to inhibit
the growth of yeast and fungi. One set of plates was incubated in
an anaerobic flask (Oxoid, Basingstoke, Hampshire, England) in
the presence of an Anaerocult gas generating kit (Oxoid). The
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remaining two sets of plates were incubated aerobically at 30°C.
All plates were examined for growth after 24 and 48 h.
Preliminary identification of the isolates
Colonies were randomly selected from plates between 50 and 300
colonies and re-streaked on corresponding media to obtain pure
cultures. All cultures were stored at -80°C in MRS broth supple-
mented with sterile glycerol (30%, vol/vol, final concentration).
Gram reaction and catalase activity were determined according to
the methods described by Harrigan and McCance (1976).
Production of CO2 from glucose and gluconate was monitored
according to the method described by Dicks and Van Vuuren
(1987). Facultative heterofermentative, Gram-positive and cata-
lase negative rods were selected and the configuration of lactic
acid produced determined by using an enzymatic kit (Roche
Diagnostics GmbH, Mannheim, Germany).
Carbohydrate fermentations
Carbohydrate fermentation reactions were recorded by using the
API 50 CHL system (BioMerieux, Marcy L’Etoile, France). All
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TABLE 1
Differential carbohydrate fermentation reactions of Lactobacillus plantarum isolates collected from vinegar flies and grape must. Isolates
from grape must are printed in bold.
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+, positive reaction; -, negative reaction; d, variable reaction. All strains fermented: N-acetyl-glucosamine, amygdalin, arbutin, D-fructose, D-glucose, lactose, maltose, D-
mannose, melibiose, raffinose, ribose, saccharose and trehalose. None of the strains fermented adonitol, D-arabinose, D-arabitol, L-arabitol, dulcitol, erythritol,
D-fucose, L-fucose, glycogen, inositol, inulin, 5-keto-gluconate, D-lyxose, α-methyl-D-glucoside , α-methyl-D-mannoside, β-methyl-xyloside, L-sorbose, starch,
D-tagatose, xylitol and L-xylose.
a  Data from Kandler and Weiss (1986).
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API strips were incubated at 30°C and readings were taken after
24 and 48 h, respectively.
PCR with species-specific primers
Isolates with carbohydrate fermentation reactions corresponding
to that of the type strain of L. plantarum (ATCC 14917) were
selected and their genomic DNA isolated according to the method
described by Dellaglio et al. (1973). The DNA was amplified
with primers planF (CCG TTT ATG CGG AAC ACC TA) and
REV (TCG GGA TTA CCA AAC ATC AC), and Taq Takara
polymerase (Otsu, Shiga, Japan), according to the method used
by Torriani et al. (2001). L. plantarum ATCC 14917T was used as
reference strain.
Sequencing of 16S rDNA
Isolates with DNA fragments identical in size to that of L. plan-
tarum ATCC 14917T were selected and their genomic DNA
annealed to primers 8f (5’-CAG GGA TCC AGA CTT TGA
TYM TGG CTC AG-3’) and 1512r (5’-GTG AAG CTT ACG
GYT AGC TTG TTA CGA CTT-3’) to amplify a region in the
16S rDNA molecule. The methods of Felske et al. (1997) and
Garbers et al. (2004) were used, but with the Taq Takara poly-
merase.
The amplified fragments were purified using the High Pure
PCR product Purification Kit (Roche), according to the manufac-
turer’s instructions. The fragments were sequenced and compared
with sequences in Genbank by using the BLAST programme.
RAPD-PCR analysis
Genomic DNA from the isolates was amplified with eight
decamer primers, (OPL-01, OPL-02, OPL-03, OPL-04, OPL-05,
OPL-08, OPL-12, OPL-20), as described by Van Reenen and
Dicks (1996). The primers were of arbitrary sequence from the
OPL set (Operon Technologies Inc., Alameda, CA, USA). Taq
Supertherm polymerase (Hoffmann-La Roche, Nutley, NJ) was
used.
RESULTS AND DISCUSSION
No viable micro-organisms were isolated from the water wash-
ings, indicating that all surface-bound cells had been washed off.
Plates incubated anaerobically displayed less growth than those
incubated aerobically.
From a total of 158 isolates, 30 were Gram-positive, catalase
negative and produced CO2 from D-gluconate, but not from D-
glucose. Based on these characteristics, the isolates were classi-
fied as members of Group II (facultatively heterofermentative)
Lactobacillus spp. All strains produced DL-lactate from D-glu-
cose. Carbohydrate fermentation reactions corresponded to that
recorded for the type strain of L. plantarum (ATCC 14917T, Table
1). Variations in the fermentation of L-arabinose, cellobiose,
esculin, galactose, β-gentiobiose, gluconate, glycerol, 2-keto-glu-
conate, mannitol, melezitose, rhamnose, salicin, sorbitol, D-tura-
nose and D-xylose were recorded (see Table 1). Similar results
have been reported for other strains of L. plantarum (Zanoni,
1987; Van Reenen & Dicks, 1996). None of the strains fermented
α-methyl-D-mannoside, which is characteristic for the type strain
of L. plantarum, ATCC 14917T (Zanoni, 1987; Van Reenen &
Dicks, 1996). Based on carbohydrate fermentation reactions, the
isolates were preliminary classified as strains of L. plantarum.
Sugar fermentation reactions did not show correlation with
TABLE 2
Percentage similarity of isolates to species in the NCBI nucleotide
sequence database, based on partial 16S rDNA sequence analysis.
Isolates from grape must are printed in bold.
Isolate Phylogenetic affiliation and accession number %
similarity
AA Lactobacillus plantarum (AL935258.1) 99.0%
A1 Lactobacillus plantarum (AL935258.1) 99.0%
21 Lactobacillus plantarum (AL935258.1) 98.8%
CA4 Lactobacillus plantarum (AL935258.1) 98.8.%
FA13 Lactobacillus plantarum (AL935258.1) 98.8%
C1 Lactobacillus plantarum (AL935258.1) 98.7%
26 Lactobacillus plantarum (AL935258.1) 98.6%
E Lactobacillus plantarum (AL935258.1) 98.4%
C8 Lactobacillus plantarum (AL935258.1) 98.2%
R2 Lactobacillus plantarum (AL935258.1) 98.2%
MII Lactobacillus plantarum (AL935258.1) 97.1%
RAPD groupings. Strains of L. plantarum have been isolated
from Drosophila (Kvasnikov et al., 1971). However, the geno-
typic relatedness of these strains has not been studied.
Comparisons with the latter strains are not possible, since they
have not been deposited into a culture collection.
Amplification of genomic DNA with species-specific primers
yielded a 318-bp fragment, which is identical in size to that
reported for L. plantarum ATCC 14917T (Torriani et al., 2001).
Furthermore, amplification of the genomic DNA of the isolates
with primers 8f and 1512r yielded 16S rDNA amplicons that
were 97.1% (832 of 857 bp sequenced) to 99.0% (849 of 858 bp
sequenced) homologous to the 16S rDNA of L. plantarum
WCFS1 (NCBI nucleotide sequence database, accession number
AL935258.1), confirming their classification as L. plantarum.
Identical RAPD-PCR profiles were recorded with primers
OPL-01, OPL-02 and OPL-12. Primer OPL-20 produced an
incomplete profile, primer OPL-03 two different profiles, and
primer OPL-08 three different profiles (results not shown).
Similar results were recorded in a previous study with 27 differ-
ent strains of L. plantarum (Van Reenen & Dicks, 1996).
Amplification with primers OPL-04 and OPL-05 grouped the 30
isolates into four genotypically well-separated clusters (see Fig.
1). Identical DNA profiles were recorded with duplicate RAPD-
PCR runs. Isolates in clusters I and II were from vinegar flies and
isolates in cluster IV from grape must. Cluster III contained five
isolates (C4, C1, C32, C23 & 3C3) from vinegar flies and 13 from
grape must. The identical DNA banding patterns obtained for all
the isolates in cluster III suggests that they are descendants from
the same strain, but genotypically different from the type strain of
L. plantarum (ATCC 14917T) which did not group in any of the
four RAPD-PCR clusters (see Fig. 1). This also suggests that at
least one strain of L. plantarum developed the ability to colonise
the intestinal tract of D. simulans Stuvervant and use the insect as
a vector. Insects are known to serve as vectors for bacteria (Lilley
et al., 1997). As far as we could determine, this is the first evi-
dence of vinegar flies acting as a vector for L. plantarum. Further
research is needed to determine the role of this specific strain
(isolates from cluster III, Fig. 1) in wine fermentations.
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